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WO 03/008695 Al 

PROCESS FOR OPERATING A WATER-BEARING DOMESTIC 
APPLIANCE AND DOMESTIC APPLIANCE FOR SAME 

The present invention relates to a process for 
operating a water-bearing domestic appliance with an 
optical sensor system for monitoring the treatment 
fluid, and a domestic appliance for carrying out the 
process . 

Known sensor systems have at least one radiation source 
and one or more radiation receivers. Such sensors are 
used in multiple applications in particular in washing 
machines and dishwashing machines, whereby the physical 
effects of reflection, dispersion and/or refraction are 
utilised on optical limit surfaces. 

Various known examples of application are detailed 
hereinbelow. In a comparison of the disclosed solutions 
there is a clear tendency to use sensors in various 
combinations . 

DE 198 46 248 Al discloses a washing machine with a 
turbidity sensor, i.e. with a sensor system for 
recognising the degree of contamination in the washing 
lye. Light source and receiver are arranged such that 
the penetrating light is measured. The turbidity of the 
medium is determined by the ratio of the values of the 
incoming and the outgoing light. The light can be 
monochromatic or have a broad spectrum. By using a 
mirror system light emitters and light receivers are 
freely arranged at considerable distances apart. 

The turbidity sensor can also be used to recognise foam 
and thus contribute to the control of the rinse 
procedure. In spatial terms the turbidity sensor should 
be positioned in a region, where foam accumulates 
particularly well, such as in the discharge pipe. 



si 



- 2 - 



DE 198 21 148 Al describes the use of one or more rod- 
like sensor components. The recorded measured value is 
dependent on the different breaking index of the 
surrounding medium. The sensor component can now 
distinguish whether the surrounding medium is air, 
water or foam. The component can also be used to 
recognise level or detect the level in the lye tank. If 
the region under the floor-side heating unit in the lye 
tank is monitored, then the respective sensor component 
also acts as effective drying protection for the 
heating . 

A combination solution is disclosed in DE 
198 31 688 Al. With the sensor described here the 
continuous radiation and the radiation reflected on the 
contact surface of the sensor body to the surrounding 
medium can be detected. For this two radiation sources 
are operated in the time multiplex. The signals 
triggered by both radiation sources are recorded 
chronologically successively by the radiation receiver 
and according to their assignation they are evaluated 
for process control. The system allows the process to 
be optimised in terms of time, temperature, water and 
energy consumption. 

DE 43 42 272 Al presents a process, in which by means 
of evaluating the reflection behaviour on the surface 
of the washing lye several parameters such as level, 
turbidity of the lye and foam can be determined. In the 
process one or more optical radiation bundles are 
directed at the fictive surface of the lye at various 
angles of incidence and the reflections are measured by 
means of several photodiodes positioned on a receiver 
shield. Depending on which of these photodiodes is 
illuminated and at what intensity, an electronic 
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evaluation circuit can detect the type and magnitude of 
the measured parameters. 

Foam formation is recognised by diffuse distribution of 
the received light. The washing lye is turbid whenever 
the received signal is weakened evenly. The light cone 
striking different photodiodes of the receiver shield 
detects the level in the lye tank. 

Optical sensor systems are interference-prone. Faults 
in determining the washing lye turbidity can occur 
through calcification of the optical measured section. 
Since the measured section dries out after each work 
process, the working beam in the optical measured 
section can already be so strongly damped in clear 
water that the signal evaluation circuit fixes supposed 
lye turbidity. DE 197 21976 Al opposes this by 
suggesting measuring the damping of the measured 
section during each work cycle without turbid lye. This 
measured value is then compared to a threshold value. A 
control signal is emitted for the discharge control 
whenever the measured value reaches or almost reaches 
the threshold value. 

The optical sender (e.g. LED) and optical receiver 
(e.g. photo transistor or photo resistor) working as 
turbidity sensor are strongly dependent on temperature. 
Without corresponding temperature compensation any 
fluctuations in temperature would be interpreted as 
fluctuations in the turbidity value and would also lead 
to false evaluation results. Accordingly temperature 
compensation of the turbidity sensor in all appliances 
is necessary, in which the cleaning fluid is heated up. 
In DE 195 21 326 Al a process is put forward to 
compensate the temperature-dependent parameters 
individually and to dynamically adapt the detected 
compensation factor . 
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In addition, according to a process put forward in DE 
197 55 360 Al the sensor is used for measuring the 
degree of contamination for temperature measuring. The 
optical sensor is preferably located in the vicinity of 
the lye, so that there is the best possible thermal 
coupling between the sensor and the lye. A defined 
current is fed to the input of the sensor and the 
temperature-dependent threshold voltage on the output 
of the sensor is callipered. The temperature-dependent 
output signal is evaluated and used to control a 
heating element. This means that the usual temperature 
sensor in the water cycle can be dispensed with. 

In order to recognise excessive colouring of the 
washing lye, caused by so-called bleeding, DE 
199 08 803 Al proposes an arrangement, in which three 
light-emitting diodes are used, which radiate light 
into the washing lye using three different narrow-band 
wavelength regions, typical for recognising colours. 
There the irradiated light reaches the photodiode 
either as direct or as light radiation scattered 
laterally on the colour particles, or as light 
radiation back-scattered on the colour particles. The 
direct, the laterally scattered and the back-scattered 
quantity of light can be determined for each light- 
emitting diode at the same time by means of three 
photodiodes disposed at approximately right angles to 
one another. In the case of three light-emitting 
diodes, which emit monochromatic light at varying 
wavelengths and chronologically offset, different dyes 
dissolved in the washing lye can be determined. When a 
threshold value is exceeded an alert signal is sent, 
and a rinse cycle with clear water is initiated. 

The object of the invention is to expand on the options 
of process monitoring in domestic water-bearing 
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appliances, in particular in washing machines or 
dishwashing machines, using known optical sensor 
systems . 

This task is solved by the characteristics of the 
invention specified in Claim 1. Advantageous 
embodiments of the invention are contained in the sub- 
claims . 

Accordingly, in the invention the parameter values of 
the treatment fluid measured by the sensor system are 
monitored for abnormal deviations. In addition, the 
chronological sequence of successively measured 
parameter values can be recorded and compared to a 
sequence typical of proper operation. Further, two 
measured values can be recorded and a differential 
value can be developed therefrom, whereby the first 
measured value is detected when the system is idle, for 
example when a washing drum is idle, and the second 
value is detected when the system is in motion, thus 
when the washing drum is rotating. The measured value 
difference must reach a minimum value, for example. If 
the minimum value is exceeded then an alert signal is 
emitted. The level of the minimum value is dependent on 
the available sensor system and must be deposited with 
a corresponding value in the program memory. 

In an advantageous embodiment of the invention, when 
the washing drum is both idle and operating, several 
measured values are recorded and in each case an 
average value is developed therefrom, which is then 
employed as a comparative value for the differential 
value. This measure makes the measuring method more 
secure; random errors, which might possibly falsify the 
measured value, can thus be excluded. 
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The inventive process can advantageously also be 
continued in such a way, where a tendential sequence of 
the measured values is detected from several measured 
values of the idle or motion phase, i.e. a drop or a 
rise in the level of the measuring signal over the 
observed period. This process is to be utilised 
advantageously in sensor systems used for foam 
recognition. Because foam formation lags at the 
beginning of the motion phase and the foam builds up 
relatively slowly when the washing drum is idle, 
certain inertia becomes attached to the inventive 
process, which cannot be adequately compensated by the 
abovedescribed average value. Detecting the change in 
the measured value creates remedial measures over time. 
Opposing tendencies in the idle phase compared to the 
operating phase point out that the mechanical drive 
system works free of interference. 

By using known optical sensors the invention offers the 
advantage of creating a further control possibility for 
the proper work cycle of a water-bearing domestic 
appliance and thus increasing the operating safety of 
the appliance. The inventive process can be applied 
independently of the special structural design of the 
sensor system, independently of the physical basic 
principle and also independently of the concrete 
application. It should only be required that the values 
detected by the sensor when the work system is both 
idle and in motion display a sufficiently large 
difference. Sensor systems, such as explained 
hereinabove for example, can be used without employing 
additional component groups or components for the 
inventive process. The expense to be additionally 
invested is reduced to modifying the available 
operating programs, i.e. to the configuration of 
software . 
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Because the inventive process relates merely to the 
relative differences between the measured values when 
the work system is both idle and in motion, the 
absolute level of the individual measured values plays 
no part in the functional integrity of the process. 
This brings about the considerable advantage that the 
process works safely independently of the degree of 
pollution in the washing lye, its temperature, the 
washing agent concentration and the calcification of 
the measured section. 

The invention will now be explained in greater detail 
hereinbelow in terms of a simple and known example. In 
the diagram, 

Figure 1 shows a cross-section through a pipe section 
with an applied, known optical sensor system for a 
washing machine, and 

Figures 2 and 3 show various turbidity sequences in 

the optical measured section when the system is in 
motion and when it is not in motion. 

A light-emitting diode 2 and a phototransistor 3 are 
arranged opposite on the external periphery of a pipe 
section 4 made of a transparent material. The pipe 
section 4 is a part of the discharge pipe connecting 
directly to the lye tank. Such an arrangement of light- 
emitting diode 2 and phototransistor 3 can preferably 
be located in the lower region of the lye tank of the 
washing machine. The light signal output by the light- 
emitting diode 2 and passing through the washing lye in 
the pipe section 4 is measured by the phototransistor 
3. The measured value is conveyed to a microprocessor 
5. The size of the measured value detected by the 
phototransistor 3 is dependent on the damping of the 
emitted light signal, caused by the turbidity of the 
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washing lye or by foam build-up in the region of the 
measured section 1. Depending on program segment and 
size of the detected measured values signals for 
ongoing control of the washing machine are generated by 
the microprocessor 5. 

With reference to the diagrams in Figures 2 and 3 it is 
evident how a first measured value 30 or 40, the motion 
measured value, recorded in motion (namely when the 
washing drum is in motion) , can be compared through the 
inventive process to a second measured value 10, the 
idle measured value, recorded when the washing drum is 
idle. At the same time the motion measured values 30 
and 40, which come about through the corresponding 
speed values 50 and -50, are differentiated in the 
speed diagram D in the turbidity diagram T, depending 
on the direction of rotation of the washing drum, 
observed in each case in Figure 2. The idle measured 
values 10 are still above a base line of 0. 

If the detected measured value difference is below a 
predetermined set value, and if the idle value and that 
value, which would have to be measured in motion, are 
only approximately the same, this circumstance can 
indicate a malfunction in the drive system. The 
malfunction can affect the drive motor or the motion 
transfer system, caused by a V-belt splitting. To be 
able to still differentiate both these possible 
malfunctions, another sensor would have to be 
installed, which can monitor the rotation of the drive 
motor directly, for example a tachogenerator connected 
directly to the drive motor for speed regulation. 

This situation is shown in Figure 3, in which the drum 
drive breaks down after motion x 3 (2 x 50 and 1 x 50) . 
Accordingly the measured motion values drop below 10 
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and can no longer be distinguished from the measured 
idle values . 

To exclude randomly occurring fluctuations in measured 
value resulting in misinterpretation and as a result 
indicating a phantom malfunction, several measured 
values, from which the idle or motion value is 
developed as average value, are recorded while the drum 
is idle and in motion. Recording the measured value 
according to the inventive process is repeated several 
times during the washing program. The idle value is 
newly determined for example each time the rotation 
motion is switched over during the short idle phase and 
compared to the motion value measured immediately 
afterwards. The time intervals between recording the 
measured value are very short. Falsification of the 
measured signal, caused by fluctuations in temperature 
in the heating phase or by a sharp increase in the 
contamination in the washing lye, can be excluded in 
this way. Corrections in the measuring system, as 
described in the examples of the prior art, are not 
required for functioning of the inventive process. 
Similarly, the ageing of the sensors used or 
calcification of the measured section does not have an 
interfering effect. In the spin cycle the chronological 
sequence of the measured values is detected by the 
sensor system over a time interval determined by the 
program, i.e. the rise or fall in the measured values 
is detected over time. Consideration is given to the 
fact that foam can accumulate during spinning in the 
lower region of the lye tank, and this can slowly 
disintegrate again when the drum is idle. The 
mechanical drive system works fault-free, when the 
measured value increases in the idle phase and falls 
during spinning. 
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The set value stored in program memory, which serves as 
comparative value for the measured values of the 
sensor, is to be easily detected from trials. Different 
set values can be stored for various program segments. 



